The peripheral immune response contributes to neurodegeneration after stroke yet little is known about how this process differs between males and females. The current study demonstrates that splenectomy prior to experimental stroke eliminates sex differences in infarct volume and activated brain monocytes/microglia. In the periphery of both sexes, activated T cells correlate directly with stroke outcome while monocytes are reduced by splenectomy only in males. This study provides new information about the sex specific mechanisms of the peripheral immune response in neurodegeneration after stroke and demonstrates the need for representation of both sexes in basic and clinical stroke research.
Introduction
Stroke is one of the leading causes of death and disability in the United States. The role that the immune response plays in neurodegeneration following stroke has been well documented. Leukocyte activation in the spleen after stroke results in a release of immune cells into the blood, infiltration of leukocytes and activation of microglial cells in the brain, leading to an increase in infarct volume (Offner et al., 2006a (Offner et al., , 2006b Seifert et al., 2012a Seifert et al., , 2012b . Long-term systemic immunosuppression is an additional consequence of massive stroke-induced splenocyte activation.
It is now increasingly clear that males and females respond to stroke differently. Females have a lower incidence of stroke and are relatively protected from immediate ischemia compared to males (Sudlow and Warlow, 1997; Alkayed et al., 1998; Murphy et al., 2004) . Females also exhibit less stroke-induced splenic damage, which is hypothesized to correlate with their reduced infarct volume (Banerjee et al., 2013) . However, females suffer higher rates of disability and handicap over time compared to males (Di Carlo et al., 2003) . The underlying molecular and inflammatory mechanisms that lead to stroke-induced sex discrepancy have not been extensively studied. Female mice exhibit a decrease in infiltrating and activated monocytes/microglia in the ischemic brain after MCAO compared to males (Banerjee et al., 2013) . In conjunction with splenic damage, males have more activated T cells in the spleen following MCAO than females (Banerjee et al., 2013) . Additional pre-clinical data in female animals is needed in order to develop new stroke therapies that will convey clinical success in both sexes.
Although differences in the spleen have been observed between post-MCAO male and female mice, the effect of the spleen on infarct volume and stroke progression is relatively unknown in female animals. Splenectomy in male rodents prior to experimental stroke reduces infarct volume and neurodegeneration by decreasing T cells, neutrophils, macrophages and pro-inflammatory cytokines, while increasing antiinflammatory cytokines in brain tissue (Zhang et al., 2013) . Additionally, irradiation of the male spleen 4 h after MCAO reduces infarct volume by abrogating deployment of splenocytes and decreasing microglia and infiltrating T cells in the ischemic brain (Ostrowski et al., 2012) .
In this study, we examine the role of the spleen during stroke in female mice. Male and female mice underwent splenectomy or sham splenectomy two weeks prior to transient MCAO. After 96 h of reperfusion, infarct volume was determined and peripheral and ischemic brain specific immunological parameters were studied. We found that the sex difference observed in infarct volume after MCAO was abrogated with splenectomy. Activated T cells in the periphery correlated with the sex and splenectomy difference seen in the infarct volume while CD11b + monocytes were an indicating factor of stroke outcome in male mice. Finally, immune gene expression in the ischemic brain varied, with some
